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Background: Prosthetic mesh reduces the risk of hernia recurrence. The use of mesh in patients with
strangulated hernias requiring bowel resection is controversial.
Patients and methods: Patients with acutely incarcerated hernias (with small intestine contents) who
underwent polypropylene mesh hernioplasty were included in this prospective study from June 2005 to
Jan. 2011.
Results: 163 patients were included; 48 required intestinal resection and anastomosis (Group I) and 115
did not (Group II). Operative times and hospital stay were longer in Group I (P ¼ 0.001). No signiﬁcant
difference was noted between both groups in terms of postoperative morbidities (16.6% vs 13% P ¼ 0.5),
wound infection (6% vs 4% P ¼ 0.6), and recurrence rate (2% vs 2.8% P ¼ 0.8), All cases of wound infection
were successfully managed with drainage and local wound care and no mesh had to be removed. One
patient in Group I and ﬁve patients in Group II died of concomitant diseases in the follow-up period
(P ¼ 0.5).
Conclusion: Mesh hernioplasty is crucial to prevent recurrence, and it is safe to utilize it in repair of
acutely incarcerated hernias even if associated with intestinal resection.
 2012 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
Incarcerated hernias represent a signiﬁcant portion of surgical
emergencies. The major objective in such situations, apart from
managing the patient’s acute condition, is to repair the hernia
defect using a technique with the least probability of recurrence. It
is well known that primary suture repair increases the risk for
recurrence. The beneﬁt of mesh repair in elective situations is
documented,1e3 and many studies have reported beneﬁcial
outcomes of mesh hernioplasty in emergency situations.4e6 Still
there is controversy regarding the use of such grafts when intes-
tinal resection is required.7e9 The objective of this prospective
study was to evaluate the outcomes of mesh hernioplasty in
emergency situations with or without intestinal resection.
2. Patients and methods
This prospective study was conducted at Mansoura University, Mansoura, Egypt
from June 2005 to Jan. 2011. All patients between 18 and 75 years who underwent
emergency mesh hernioplasty for their incarcerated hernias with small intestine
contents were included in this study (whether inguinal, femoral, umbilical or inci-
sional). Those excluded were patients with: liver cirrhosis with tense ascites, colonic
resection, incarcerated omentum only, American Society of Anesthesiology grade09834 (mobile).
Ellatif).
ciates Ltd. Published by Elsevier Ltover 3, recurrent hernias, incarcerated hernias that developed perforations, gener-
alized peritonitis and those who were lost at follow-up.
The study was approved by the local health committee and all details of the
procedure were explained to patients and/or their relatives. The patients were
categorized into two groups: those who underwent mesh hernioplasty with
resection and anastomosis (Group I) and those who did not (Group II):3. Operative procedure
After proper optimization of the patients with intravenous (IV)
ﬂuids and proper control of blood sugar in diabetic patients,
prophylactic antibiotics in the form of third-generation cephalo-
sporin and metronidazole were given on call to the operative room
(OR). The type of anesthesia was decided by the anesthesiologist.
While exploring the hernia sac and assessing its contents, the oper-
ative ﬁeld was protected from contaminationwith povidone iodine-
soaked towels, taking great care not to spill intestinal contents into
the ﬁeld. Intestine that was judged to be viable either from the
beginning or following application of hot foments, was reduced and
necrotic intestine was resected and anastomosis was achieved using
single layer extramucosal 3/0 polyglycolic continuous suture.
Meticulous hemostasis was achieved along with good irrigation
of the operative ﬁeld using normal saline and exchange of surgical
gloves after intestinal resection and anastomosis. Hernia defect
repair was undertaken using a polypropylene mesh (Prolene,d. All rights reserved.
Table 1
Patient characteristics.
Variable Group I (n ¼ 48) Group II (n ¼ 115) P value
Sex (M:F)b 41:7 (85.4:14.6%) 75:40 (65:35%) 0.001
Age (years)c 62  4.8 58  5.2 0.001
ASA (I:II:III)b (14:15:19) (34:43:38) 0.4
Hernia typeb
- Inguinal 19/89 (21)a 70/89 (79)a 0.001
#Direct 0 3
#Indirect 19 67
- PUH 12/34 (35)a 22/34 (65)a 0.6
- Incisional 10/29 (34)a 19/29 (66)a 0.3
- Femoral 7/11 (64)a 4/11 (36)a 0.4
a Values are %., PUH, paraumbilical hernia.
b ManneWhitney’s test was used for statistics (nonparametric statistics).
c Student’s test was used (parametric statistics).
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desired position. For inguinal hernia repair, a Lichtenstein tension-
free repair10 was utilized by ﬁxing the lower edge of themesh to the
inguinal ligament using running 2/0 polypropylene and making
sure to overlap the pubic tubercle for 2 cmmedially. The upper edge
was ﬁxed by few interrupted few stitches with the same suture
material and slitting the lateral aspect of the mesh to accommodate
the cord, thus making a new internal ring the size of the tip of the
little ﬁnger. Femoral hernias were repaired using a polypropylene
mesh through the preperitoneal approach in 8 patients via a 7e9 cm
transverse incision 5 cm above the ipsilateral inguinal ligament
extending laterally from the lateral edge of rectus abdominis. Two
patients underwent repair through the inguinal approach because
they were misdiagnosed as inguinal hernias; in this technique, the
mesh was positioned in the preperitoneal space reaching the
midlinemedially overlapping the pubic tubercle for 2 cm. The lower
edge was sutured across Cooper’s ligament with running 2/0 poly-
propylene suture up to the femoral vein, then the mesh was curved
upward over the femoral sheath and sutured to the iliopubic tract
with running sutures to a point just lateral to the internal inguinal
ring. The upper edge was taken with a few stitches while approxi-
mating the abdominal wall muscles. Umbilical and incisional
herniaswere repaired using onlay polypropylenemesh after closing
the fascia underneath the mesh, making sure to overlap the hernia
defect with at least 5 cm of themesh all around. The skinwas closed
after insertion of a suction drain in patients with umbilical and
incisional hernias. No peritoneal drainage was used in Group I.
4. Postoperative course
All the patients were allowed to take oral ﬂuid after the 3rd
postoperative day (POD) and the nursing team and the patients
themselves were blinded if there was resection or not. IV antibiotic
therapy was continued up to the discharge day and then oral
antibiotics until the end of the ﬁrst week. The type of antibiotics
varied during the study period as the hospital infection committee
recommendations changed. No bacteriological tests were per-
formed as a routine procedure. Deep vein thrombosis (DVT)
prophylaxis was according to the risk stratiﬁcation using either
mechanical means (elastic stockings) and/or enoxaparin 0.5 mg/kg
subcutaneous daily upon admission and continued until fully
ambulant. Immediate postoperative analgesia was given in form of
pethidine 100mg intramuscular (IM) when needed. After discharge
the patients were prescribed diclofenac sodium 50 mg oral tablets.
Pain assessment was not addressed in this study.
The rate of wound infection was the primary endpoint of this
study, while secondary endpoints were: operative times, factors
affecting the intestinal resection rate, morbidity, mortality, hospital
stay, and recurrence. The ﬁrst follow-up visit occurred one week
afterdischarge to check thewoundand remove sutures. Drainswere
removed when the daily draining amount was less than 20 ml
serous ﬂuid. Patients were then reviewed every 3 months for
physical examination and ultrasonography, if the physician that
performed the physical examination was unsure of recurrence.
Hernia recurrencewas deﬁned as an apparent swelling or a palpable
defect at the previous surgery site. All patients’ data were recorded
prospectively in a preformed sheet for statistical purposes.
4.1. Statistical analysis
A sample size analysis was performed using a Chi-square test
using the risk of wound infection as a primary endpoint based on
a pilot study that was conducted before starting this study.
A minimum sample size of 48 patients in each group was required
to detect a signiﬁcant difference at a ¼ 0.05, and power of 80%.ManneWhitney test, Chi-square test c2 and Student t-test was used
to compare the groups with statistical signiﬁcance considered at
P < 0.05. Statistical analysis was undertaken using SPSS.5. Results
From June 2005 to Jan. 2011, 186 consecutive patients with
incarcerated hernias were considered for the study. 23 patients
were excluded: 5 patients refused to participate, 6 patients had
ascites, 5 patients due to presence of peritonitis, and 7 patients (one
patient in Group I and six patients in Group II) were lost to follow-
up after hospital discharge. 163 (116 men, 47 women) eligible
patients were included in this study. The patients’ basic charac-
teristics are summarized in Table 1.
Table 2 shows the parameters affecting the resection rate;
intestinal necrosis rate was higher in men compared to women
(69% vs 31% P ¼ 0.001) Patients over 60 years were associated with
signiﬁcantly higher intestinal resection rate than those less than 60
years (64.5% vs 35.5% P¼ 0.01). A duration of incarceration for more
than 6 h at admission was an important factor in determining the
need for resection (81% vs 29% P ¼ 0.001). Inguinal hernia was the
most common location in our series, however, femoral hernia
tended to cause the highest rate of resection (7/11(64%), P¼ 0.003).
Operative time was signiﬁcantly longer in Group I, and this is
explained by the time needed for resection and anastomosis
(average 18  3.9) minutes (135  52 vs 109  40, P ¼ 0.001).
Postoperative morbidity was recorded in 23 (14%) patients (Group I
8(16.6%) and Group II 15(13%) patients). Group I had signiﬁcantly
longer hospital stays (P¼ 0.001). No statistical difference was found
between patients in Group I and Group II in terms of postoperative
morbidity (P ¼ 0.5) and mortality (P ¼ 0.5). Medical complications
included pneumonia (n ¼ 5), heart failure (n ¼ 1), and myocardial
infarction (n ¼ 1), while surgical complications included wound
infection (n ¼ 8), scrotal ecchymosis (n ¼ 2), urinary retention
(n¼ 2), and testicular edema (n¼ 2) and anastomosis failure (n¼ 2)
(Table 3).
Two patients developed anastomotic leakage which was diag-
nosed on 5th POD in both patients by persistent intestinal ileus and
fever which necessitated abdominal computerized tomogra-
phy(CT) that revealed para-anastomotic collection and dye
extravasation. Laparotomy was done for both via midline incision
and Mikulicz stoma was performed. One of them developed
a massive myocardial infarction diagnosed by typical chest pain
and a cardiac troponin rise accompanied by pathological Q waves,
ST elevation and though all supportive measures were provided,
unfortunately he expired 3 days after the second operation
(Table 3). Wound infection occurred in 8 patients (5%). No signiﬁ-
cant difference was noted between the two groups (6% vs 4%
P ¼ 0.6). Wound infections were successfully managed with
Table 2
Factors for intestinal resection among Group I.
Variable Group I (n ¼ 48) P value
Male gender 41/48 (85.4%) 0.001
Age>60 31/48 (64.5%) 0.01
Late hospitalization>6 h 39/48 (81%) 0.001
Hernia type
Femoral 7/11 (64%) 0.003
Paraumbilical 12/34 (35%)
Incisional 10/29 (34.4%)
Inguinal 19/89 (21%)
Using Chi-square test.
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throughout the study period. Other complications were medically
treated (Table 3).
Mean follow-up period for Group I and Group II was 48.7  31.3
and 42.6 26.6 months. There was one death in Group I and ﬁve in
Group II. The deaths in Group II occurred between 5 and 15 days
postoperatively (3myocardial infarctions,1 pulmonary embolism, 2
severe pneumonia). The recurrence rate was estimated in the
remaining 157 patients (47 patients in Group I and 110 patients in
Group II). Recurrencewas found to be 2% and 2.7% patients in Group
I and Group II, respectively (P ¼ 0.8) (Table 3).
6. Discussion
Recurrence is a great problem in hernia repair when primary
repair is the method being used. Application of prosthesis in
hernia repair signiﬁcantly reduces the recurrence rate.1e3 There are
three zones in hernia surgery: the white zone in elective hernia
surgery where there is a common consensus on use of mesh, the
black zone in frankly contaminated areas such as in peritonitis
where the common consensus is not to position any kind of pros-
thetic material due to a very high risk of infection, and, lastly, the
gray zone which is surgery with a possible risk of bacterial
contamination like incarcerated hernia. In such situations, most
surgeons are concerned regarding well known complications asso-
ciated with foreign material implantation in the setting of incar-
cerated or strangulated bowel loops. Several studies have reported
beneﬁcial outcomes of mesh hernioplasty in emergency situations
without intestinal resection,4e6 but only few articles addressed the
application of mesh repair in presence of intestinal resection.
Nieuwenhuizen et al. 20116 reported high wound infection rates
in patients requiring intestinal resection. However, it cannot be
considered a contraindication for the use of mesh and can beTable 3
Operative data and outcomes.
Variable Group I (n ¼ 48) Group II (n ¼ 115) P value
Op. times (min)d 135  52 109  40 0.001
Hosp. stay (days)d 6 (1.5) 3.4 (1.4) 0.001
Complicationsa,c 8 (16.6%) 15 (13%) 0.5
#Pneumonia e 5
#Heart failure e 1
#Myocardial infarction e 1
#Wound infection 3 5 0.6
#Testicular edema 2 e
#Scrotal ecchymosis 1 1
#Urinary retention e 2
#Leakage 2 e
Recurrenceb,c 1 3 0.8
Mortalityc 1 5 0.5
Follow-up (months)d 48.7  31.3 42.6  26.6
a Some patients had more than one complication.
b Calculated for alive patients.
c ManneWhitney’s test was used for statistics.
d Student’s test was used.effectively treated using antibiotics and local wound dressings. We
found in this study that it is safe to repair an incarcerated hernia
with a mesh. Wound infection occurred in 8 cases (5%) with no
signiﬁcant difference noted between the two groups (6% vs 4%
P ¼ 0.6). Moreover, wound infections were successfully managed
with drainage and local wound care. No mesh had to be removed
throughout the study period. Atila et al.11 and Legnani et al.12 found
the same low incidence of wound infections in acute hernia
repaired with the use of prosthetic mesh. This also corresponds to
other studies involving the use of prosthetic mesh in contaminated
areas.13e15
Polyprolene meshes are considered ideal for use in contami-
nated or clean contaminated surgical ﬁelds (e.g. with incarcerated
or strangulated hernias). The wide pores of these meshes
(>70 microns) allow free contact between bacteria, whose diam-
eters measure 1 micron, and the immunes system cells (gran-
ulocytes and macrophages) which measures 15e20 microns in
diameter explaining the lower probability of infection and allowing
recovery from infections if it occurs.16,17
Several important factors are signiﬁcantly associated with the
intestinal resection rate. Read18 reported that intestinal resection
rate at the onset of incarceration increases in the elderly which
corresponded with results from our study. Some found no statis-
tically signiﬁcant difference between age categories,11 and others
found the opposite.9 Atila et al11 support our ﬁnding that intestinal
necrosis rates are higher in men compared to womenwhile Read,18
and Kurt et al 20039 found the opposite. The risk of intestinal
resection is signiﬁcantly greater when the duration of incarceration
exceeds 6 h (P¼ 0.001), 81% of Group I patients came to the hospital
after 6 h vs. 31% in Group II which may explain why we had a high
incidence (29%) of resection. Other studies have incidence rates
ranging from 15 to 38%.9,11,19,20 The probable cause of this delayed
hospitalization is that many patients have to travel considerable
distances to our referral hospital. Some patients initially received
treatment from local clinics or hospitals before reaching our
centre. Andrews found that intestinal resection rate of incarcerated
hernia cases was 7% when the duration of incarceration was
less than 24 h, 11% when between 24 and 47 h, and 27% if the
duration exceeded 48 h.21 The hernia type also affects the intestinal
resection rate. It is known that femoral hernia is less common
hernia (2e8%) in adults.22 It is responsible for up to 35% of stran-
gulating hernias.23e25 In our series, femoral hernia comprised
11(7%) of all patients and the highest resection rate was observed
in this group (64%).7. Conclusion
We found no signiﬁcant difference inwound infection andmesh
related complications between the two study groups. It is safe to
use a prosthetic material in the repair of acutely incarcerated
hernias and the presence of nonviable intestine in the setting of
strangulation cannot be considered a contraindication to the use of
such a prosthetic repair.
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